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_ This invenl 




relates to 



PRESSURE INDICATOR 



a pressure indicator. 



According to a first aspect of the present invention, a pressure indicator comprises a 
display diaphragm and an indicator diaphragm coupled to and in fluid communication 
5 with the display diaphragm and forming a compartment with the display diaphragm; 
wherein, in use, a change in pressure applied to the diaphragms causes relative 
movement between the diaphragms which is observable either on the outer surface 
of the display diaphragm or through the display diaphragm. To see through the 
display diaphragm effectively, it is preferably transparent. 

10 Preferably, a means to amplify the movement between the diaphragms caused by the 
change in pressure applied to the diaphragms is provided. This would enable small 
changes in applied pressure to be observable. The means to amplify the movement 
between the diaphragms may comprise an article having a first surface and a second 
surface, the second surface having a larger cross sectional area than the first 

15 surface, the first surface being in fluid communication with one of the diaphragms. A 
change in pressure applied to the second surface causes an amplified movement of 
the first surface which is communicated to the diaphragms. Preferably, the first 
surface of the article is the indicator diaphragm. 

Preferably, the means to amplify the change in pressure applied to the diaphragms is 
20 biased so that on removal of the change in pressure applied, the means to amplify 
the change in pressure returns to its original position i.e. that prior to the application 
of the pressure. This ensures that an accurate indication of the pressure is obtained. 
The biasing means may be a spring or elastomeric material. 

In a preferred embodiment, the diaphragms form a compartment and contain a liquid 
25 or gel which may be at least partially opaque. The compartment may be sealed, 
alternatively the diaphragms may be in mechanical communication without being 
sealed. 

In another preferred embodiment, the indicator diaphragm bears a recognisable 
configuration or patt m such that the configuration or pattern is observable either on 
30 the outer surface of the display diaphragm or through the display diaphragm thereby 
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aiding observation of the relative movement. The recognisable configuration or 
pattern may comprise a symbol or graphic projecting from the surface of the indicator 
diaphragm. This facilitates observation on the outer surface of the display diaphragm 
if the symbol or graphic either abuts the inner surface of the display diaphragm or 
5 protrudes through the display diaphragm. 

Alternatively, either the display diaphragm or, if present, the liquid or gel may be 
partially opaque. Upon relative movement between the diaphragms, the symbol or 
graphic which projects from the surface of the indicator diaphragm either appears or 
disappears or, alternatively, becomes more or less visible when viewed through the 
10 display diaphragm. 

In order to indicate a range of pressure, it is necessary to define the two extremes of 
that range, i.e. a high pressure extreme and a low pressure extreme. Thus, it is 
preferable that the configuration or pattern comprises at least two components, each 
component corresponding to a different pressure. 

15 Such components may project from the surface of the indicator diaphragm by 
different amounts, thereby abutting the display diaphragm at different pressures. 
Alternatively, the components may have different visibility such that they can become 
visible and invisible at different pressures, e.g. by having different colours or symbols 
and patterns. 

20 The relative movement of the diaphragms may be accommodated where either 

diaphragm comprises a flexible polymer and especially an elastomer. The symbol or 
graphic may also comprise a flexible polymer or elastomer. 

Where the indicator diaphragm is subjected to a higher pressure than the display 
diaphragm, it is preferable that the indicator diaphragm is impermeable so as to 
25 prevent leakage. 

According to a second aspect of the present invention, apparatus comprises a fluid 
reservoir and a pressure indicator according to any preceding claim wherein one of 
the diaphragms is in fluid 'communication with the fluid reservoir. The apparatus may 
be an inflatable such as'a'tyre or a ball. 
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Th pr ssure indicator may be incorporat d in the surface of the fluid reservoir or, 
more conveniently housed in or around a valve assembly. 

According to a third aspect of the present invention, a method of indicating either 
fluidic or mechanical pressure comprises the steps of applying a pressure to a 
5 pressure indicator, the indicator comprising a display diaphragm and an indicator 
diaphragm coupled to and in fluid communication with the display diaphragm; and 
observing the relative movement between the diaphragms caused by the pressure 
applied, either on the outer surface of the display diaphragm or through the display 
diaphragm. 

10 Preferably, the indicator diaphragm bears a recognisable configuration or pattern 

such that the relative movement is observed either when the pattern or configuration 
abuts the display diaphragm, or when the pattern or configuration becomes visible 
through the display diaphragm. 

In a preferred method, the pattern or configuration may comprise a symbol or graphic 
15 having at least two components where each component corresponding to a different 
pressure. This enables a pressure range to be defined whereby one of the 
components defines a lower relative pressure, the other a higher relative pressure. 



The invention will now be described, by way of example only, with reference to the 
figures in which: 



20 



Figure 1 shows, schematically, a football having a pressure indicator 
according to the present invention; 

Figure 2a shows a cross-section of the pressure indicator of figure 1 when the 
football is under inflated; 

Figure 2b shows the indication visible on the pressure indicator of figure 1 
when the football is under inflated; 



25 



Figure 2c shows a cross-section of the pressure indicator of figure 1 when the 
football is correctly inflated; 

Figure 2d shows th indication visible on the pressur indicator of figure 1 
when the football is correctly inflated; 
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Figure 2e shows a cross-section of the pressure indicator of figure 1 when the 
football is over inflated; 

Figure 2f shows the indication visible on the pressure indicator of figure 1 
when the football is over inflated; and 

5 Figures 3a and 3b show, schematically, a valve having a pressure indicator 

according to the present invention. 

Figure 3c shows a valve assembly suitable for use in a valve described in 
Figures 3a and 3b. 

figures 4a and 4b show a display diaphragm according to the present 
•rwention. 

r^ure 4c shows an indicator diaphragm according to the present invention. 

Figure 5 shows a pressure indicator according to the present invention. 

Figure 6 shows a pressure indicator according to the present invention. 

Figure 7 shows a pressure indicator according to the present invention. 

15 Figure 8 shoes a means to amplify the applied pressure according to the 

t present invention. 

Figure 1 shows, schematically, a football 1 having a pressure indicator 2 according to 
the present invention. A valve 3 is positioned in the wall of the football, whereby, 
using conventional methods, the football can be inflated through the valve, e.g. by 
20 using a pump (not shown). The pressure indicator is exposed to both the internal 
pressure of the football and atmospheric pressure outside the football. It will be 
appreciated that there is an optimal range in which a football should be pressurised 
for bounce and control. Below this range, the football can be said to be under inflated 
and above, it can be said to be over inflated. 

25 Figure 2a shows a cross-section of the pressure indicator 2 when the football 1 is 
under inflated. The pressure indicator comprises a transparent display diaphragm 4 
coupled to and in fluid communication with an indicator diaphragm 5. The diaphragms 
form a compartment 6. The surface of the indicator diaphragm has projecting 
therefrom a diamond symbol 7 and a cross symbol 8 where the diamond symbol 

30 projects further from the indicator diaphragm than the cross symbol. An opaque gel 
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fills the remainder of the compartment. An example of a suitable gel is a silicone 
rubber although a person skilled in th art will be aware of other suitable materials. 

Figure 2b (not to scale) shows the indication visible through the display diaphragm 4 
of the pressure indicator 2 when the football 1 is under Inflated. When under inflated, 
5 neither the diamond 7 or the cross 8 are visible though the display diaphragm 4 due 
to the opaqueness of the gel contained in the compartment i.e. they do not contact 
the indicator diaphragm. 

Figure 2c shows a cross-section of the pressure indicator 2 when the football 1 is 
correctly inflated. Pressure is exerted on the indicator diaphragm 5 which is sufficient 
Q 10 to cause the indicator diaphragm to depress, thereby allowing the diamond 7 (but not 
jyj the cross 8) to abut the display diaphragm 4. When the diamond abuts the display 

diaphragm, the opaque gel is displaced such that the diamond becomes visible when 
viewed through the display diaphragm as shown in figure 2d (not to scale). 



X 



Figure 2e shows a cross-section of the pressure indicator of figure 1 when the 
U 15 football 1 is over inflated. The pressure exerted on the indicator diaphragm is greater 
than that as shown in figure 2c resulting in greater relative movement between the 
diaphragms. As such, both the diamond and the cross abut the display diaphragm 
and thus become visible when viewed through the display diaphragm as shown in 
figure 2f (not to scale). 

20 Figure 3a shows, schematically, a valve 9 having a pressure indicator 10 according 
to the present invention. In use, the valve is connected to an inflatable or inflated 
object 11. The indicator assembly 12 is positioned within the transparent valve casing 
13 so as to be visible when viewed from above. The indicator assembly may also be 
viewed from the side. The pressure indicator is exposed to atmospheric-pressure 

25 and also the internal pressure of the object via the pressure equalisation channel 14. 



indicator assembly comprises a display diaphragm 122 which is responsive to 
changes in pressure via the pressure equalisation channel 14. The display 
diaphragrn\J22, on an increase in pressure, presses against the indicator diaphragm 
121 . The indicator diaphragm 121 may be made from a lenticular material such as is 
30 described in figure^. When the corr ct pressure is communicated to th display 
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diaphragm 12^via the pressure equalisation channel 14, the display is revealed. The 
display diaphragr\l22 is annular in shape. 



Figure 3b shows, schematically, a valve 15 having a pressure indicator 16 according 
to the present invention. In use, the valve is connected to an inflatable or inflated 
5 object 17. The indicator assembly 18 is positioned within the transparent valve casing 
19 which acts as a guide to light entering the casing so the indication is visible when 
viewed from above. The indicator assembly may also be viewed from the side. The 
pressure indicator is exposed to both the internal pressure of the object and 
atmospheric pressure. 

10 Figure 4a shows a display diaphragm having a lenticular shape, 20. The diaphragm is 
manufactured by casting an elastomer, for example polydimethoxy siioxane (PDMS) 
in a master mould. The display surface is viewed from side A and when in an 
uncompressed state (as shown) the diaphragm appears silvery, as a result of the 
diffracti ve and reflective properties of the lenticular shape. 

15 When a pressure is applied to the indicator diaphragm, it contacts the peaks of the 
display diaphragm from sidevB. As the pressure is increased, the display diaphragm 
compresses the lenticular shape^, changing the diffractive and reflective properties of 
the indicator diaphragm. At a certain amount of compression, depending on the end 
use of the pressure indicator, the display surface becomes transparent revealing the 

20 image on the indicator diaphragm. 

Figure 4b shows a display diaphragm comprising three layers of lenticular material, 
20. By using a layered structure, the amount of reflected light, when the diaphragm is 
uncompressed, is increased. 

Figure 4c shows an indicator diaphragm comprising lenticular material 20. In this 
25 example, the lenticular material is rolled up and inserted in a tube (the display 

diaphragm, not shown). The triangles may face inwardly or outwardly. In this case 
they face outwardly. One layer of the lenticular material may be used or, the indicator 
diaphragm may comprise a number of layers which can be made by creating a spiral 
of the indicator diaphragm prior to insertion into the tube. This example is particularly 
30 suitable for use in tyre valves. 
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Figure 5 shows a tap red tube of elastomeric material having a frosted outer surface, 
21 . The frosted surface is produced by grit blasting the surface of mould in which the 
tube is formed. The tube is placed between the display diaphragm, 22 and the 
indicator diaphragm, 23. When compressed, the tube becomes transparent. As the 
5 tube is tapered, the end of the tube having the largest diameter is compressed first 
so, the whole indicator diaphragm is revealed only when the whole tube is 
compressed i.e. when the applied pressure is sufficient to compress the end of the 
tube having the smallest diameter. This example is useful when there are upper and 
lower limits of acceptable pressure within a body in fluid communication with the 
1 0 indicator diaphragm. 

Figure 6 shows that the tapered tube of Figure 5 may be substituted with a tapered 
triangular elastomeric tube 24. Small sections of the tube may be removed providing 
a space between sections of the indicator diaphragm. This could be used to provide a 
clearer indication of the transition between for example too low a pressure and a 
pressure within acceptable limits. 

□ 

Figure 7 shows an indicator diaphragm, 25 having projections, 26 of an elastomeric 
material. The projections are of graduated height. As the applied pressure to the 
indicator diaphragm is increased, 27 the projections press in turn against the display 
diaphragm, 28 producing first one dot and then a series of dots. 

20 Figure 8 shows a means for amplifying the pressure applied to the indicator 
diaphragm. A display diaphragm, 30 has a transparent region within it, 31. The 
indicator diaphragm, 32 is housed within a rigid plastic cup, 33 which is sealed to the 
display diaphragm and impermeable. Within the cup is a first circular surface, 34 in 
communication with a second larger circular surface, 35 via a rod, 36 which passes 
25 through the cup. The application of pressure to the second surface forces it down 
towards the cup. The force acting on the second surface is transmitted by the rod to 
the first surface and amplified by virtue of the different cross sectional or surface 
areas of the two surfaces. The amplification of the pressure depends on the ratio 
between the surface area of the two surfaces. The first surface will, at a 
30 predet rmined pressure, contact the indicator diaphragm which becomes observable 
through the display diaphragm. A biasing means, 37 which in this case is an 
elastomeric foam block but, may be a spring, is placed between th second surface 
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and the cup. When the applied pressure is removed, this foam forces the second 
surface back to its starting position. 



